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Abstract
Objective
The purpose of this exploratory research was to study commercial food environments around
high schools in the Portland metropolitan area to explore the question: How do the economic,
geographic, and racial demographics of public high schools in the Portland metropolitan area
affect the prevalence and make-up of obesogenic commercial food environments surrounding
these schools?
Methods
Commercial food environments within a 1 km radius of 35 public high schools in the Portland
metropolitan area were surveyed. The “healthiness” of the environment was calculated by
establishing a “Food Environment Score.” This score was correlated with economic, geographic,
and racial demographics obtained from the Oregon Department of Education (2018-2019) and
the National Center for Education Statistics (2018) databases.
Results
There were significant relationships between the locale (urban to rural classification) of a school
and the Food Environment Score (R2 of 0.1131, p-value of 0.0482) and between the proportion
of students who were multiracial and the Food Environment Score (R2 of 0.1116, p-value of
0.0497). There were no statistically significant correlations between other demographic variables
and the Food Environment Score.
Conclusion
This exploratory research showed that urban school food environments may be healthier than
rural school food environments, possibly due to the greater number of establishments in urban
areas. It also showed that schools with greater proportions of multiracial students may have
healthier surrounding food environments. However, future ethnographic and survey-based
research must be done within schools to further study these observed relationships.
Keywords
Obesogenic environments, competitive school foods, commercial food environments, high
school food environments

Eapen 2
Introduction
Obesity is prevalent in the United States, establishing a significant setting for diet-related
chronic disease. Diet-related chronic disease affects individuals disproportionately due to the
social determinants of health. Obesogenic food environments, which are environments with
factors that lead to obesity, are one of these determinants (Timmerman et al., 2018). 13.7 million
(18.5%) of adolescents in the US are obese (Hales et al., 2017). Therefore, adolescent food
environments are important to study; high school food environments are especially important
given that students have more autonomy in their purchasing decisions. In 2010, “Smart Snacks”
guidelines were implemented under the Healthy Hunger-Free Kids Act, providing regulation on
competitive foods in school environments; however, these guidelines do not account for food
options sold outside of the campus (USDA, 2019).
Students access outside commercial food options before and after school as well as
during lunch at schools with open campus lunch (Austin et al., 2005). In the US, 25% of high
schools have open lunch policies, which allow students to obtain lunch from off-campus during
lunch hours (Miura, 2009). Students with open campus policies are more likely to eat at fast-food
restaurants during the week compared to students with closed campus policies
(Neumark-Sztainer et al., 2005). Fast food options are often highly processed and offer little
nutritional value. In a study done in Minnesota, when fast-food restaurants were within one mile
of a school, students ate fewer fruits and vegetables, drank more soda, and were
disproportionately overweight (Neumark-Sztainer et al., 2005). The school commercial food
environment is not limited to fast-food restaurants. Among students living in urban areas, a
significant amount of daily energy intake is purchased from stores near students’ schools
(Borradaile et al., 2009).
Previous research has established relationships between the proximity of commercial
food environments to high schools and obesity outcomes (Davis & Carpenter, 2009; Nixon &
Doud, 2011; Jackson County Health Dept., 2019). However, correlational relationships within
the field of public health are complex; obesity outcomes are related to an interplay of
multifactorial socioeconomic causes. Therefore, research regarding obesity must include an
analysis of a variety of demographic variables. For example, the effects of obesogenic food
environments are disproportionately experienced by minorities. Due to outside marketing
targeting specific groups, low-income students as well as Black and Hispanic students
disproportionately purchase unhealthy foods within the commercial food environment
(Velazquez et al., 2017; Caprio et al., 2008).
In a meta-analysis done on world-wide, school-related, obesogenic environments, several
demographic variables regarding the schools were studied in relation to proximity to commercial
food options (Da Costa Peres et al., 2020). Da Costa Peres et al. (2020), highlights needed areas
of further research, such as analyzing the types of establishments that make up the commercial
school food environments. Therefore, this exploratory research attempts to delve deeper by
building off of previous research on school food environments but with a focus on specifically

Eapen 3
categorizing elements within the commercial school food environment. Rather than focusing on
obesity rates within various schools, this work looks at the obesogenic environment that could
predispose adolescents to obesity. This research is valuable in that it focuses only on high school
food environments and categorizes both the food options and the demographic variables of the
schools. Additionally, this research offers a unique insight into obesogenic food environments
around schools in the Portland metropolitan area. Specifically, it explores the question: How do
the demographics of public high schools in the Portland metropolitan area affect the prevalence
and make-up of obesogenic commercial food environments surrounding these schools?
The evidentiary archive used to formulate this research was curated from scholarly works
within the discipline of public health. The discourse community consisting of public health
scholars aims to highlight the intersectional effects of socioeconomic and geographic variables
on health outcomes. These relationships are then used to inform public policy and interventions
that will ultimately lead to improved societal health outcomes. This research will add to the
discourse community by providing insight into the categorization of elements of the commercial
school food environments in the Portland area.
The impact of this research involves contributing to an archive that could substantiate
public policies. Public health research regarding school food environments has already led to
policy changes internationally. For example, it is now illegal to sell unhealthy food within 200
meters of schools in South Korea after the “Special Act on Children’s Dietary Life Safety
Management Act,” was enacted (Da Costa Peres et al., 2020). Research in public health supports
policies that work toward ensuring that our population is healthier. There are no current policies
in the United States regarding the sale of unhealthy food outside of school environments.
However, these environments have the ability to influence health outcomes given their role in the
nutritional choices high school students make. Therefore, this exploratory research will introduce
further questions to inform policy that could improve health outcomes.
Methods
This study was conducted within the Portland metropolitan area, which consists of three
counties: Washington, Multnomah, and Clackamas. Within each county, all public schools with a
population of over 1,000 students were analyzed to standardize the data. The analysis involved
two steps: analysis of the food environment and analysis of the demographics.
Regarding the commercial food environment, geospatial analysis of the commercial food
environments within 1 km of each high school was conducted using Google Maps (Fig. 1). Using
the zoom feature on Google Maps, the food establishments within the radius were counted (Fig.
2). An 800 m radius has been established in previous food environment research as the average
distance that could be covered in a 10-minute walk (Austin et al., 2005). A 200 m increment was
added to the radius within this methodology as a buffer. The Google Maps methodology used in
this research is supported by ethnographic scholars. In research done on the validity of Google
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street view on ethnographic research, 90% of elements within food environments were consistent
with in-person observed elements (Clarke et al., 2010).

Figure 1. Depiction of 1 km Radii around Public High Schools in Washington County. Map
Data: Google.

Figure 2. Zoomed in depiction of Radius around Reynolds High School. Map Data: Google.
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Establishment Categorization
The food establishments were categorized into five different types: commercial fast-food
establishments, restaurants, low-nutrient high-energy dense establishments, convenience stores,
and grocery stores. Commercial fast food establishments were primarily Quick Service
Restaurant (QSR) established chain franchises. However, given that there is no established
definition of fast-food (Jeffery et al., 2006), the following classifications from previous research
were included: “quick service burger, quick service roast beef, and quick service pizza parlor”
(Jeffery et al., 2006, methods para. 2) and “establishments which prepare pizza, barbecued
chicken, and hamburgers for consumption either on or near the premises or for “take-home”
consumption” (Chou et al., 2004, empirical implementation para. 7). Restaurants were classified
as establishments that sell sit-down meals and did not meet fast-food establishment
categorization. Low-nutrient high-energy dense establishments were classified as locations that
primarily sell sweet desserts or drinks. Convenience stores were classified as smaller stores that
sell a limited amount of food including packaged snacks and drinks (Morland et al., 2006).
Grocery stores were classified as larger supermarkets that sell fresh produce and did not meet
convenience store criteria. Table 1 below shows examples of each of these establishment types.
Bars were not included within this study given that high school students are minors and would be
unable to legally patronize these establishments. Similarly, farmer’s markets were not included
given that these markets are generally only available on weekends when students would not be in
school.
Table 1. Examples of Food Establishment Categorization
Food Establishment Category
Examples
Fast Food
McDonald’s, Burger King, Chick-fil-A
Restaurants
Red Lobster, Mazatlan Mexican Restaurant
Low-Nutrient, High Energy-Dense Baskin Robbins, Bubble tea establishments, Starbucks
Convenience Store
7-11, Plaid Pantry, Gas Station Stores
Grocery Store
Safeway, Fred-Meyer, New Seasons
Food Environment Score Calculation
From the data on the counts of each of these establishments in the radius, each type of
establishment was coded as “healthy” or “unhealthy.” The justification of these classifications
was derived from previous research. Eating at fast-food restaurants is associated with unhealthy
eating whereas eating at sit-down restaurants is not (Close et al., 2016). Additionally, processed
foods and foods high in salt, saturated fat, and excess sugar are associated with chronic disease
(Fuhrman, 2018). Therefore, fast food restaurants and low-nutrient high-energy dense
establishments were coded as unhealthy while regular restaurants were coded as healthy. Next,
studies have shown that the prevalence of grocery stores is associated with less obesity while the
prevalence of more convenience stores is associated with more obesity (Morland et al., 2006;
Barnes et al., 2016). Therefore, grocery stores were coded as healthy and convenience stores
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were coded as unhealthy. A “Food Environment Score” was then calculated for each school
using the formula: ΣHealthy establishments − ΣU nhealthy establishments . Therefore, higher
Food Environment Scores were associated with healthier environments.
Demographic Variables
The demographic data was collected from the Oregon Department of Education database
and the National Center for Education Statistics database. Three demographic variables were
specifically studied: economic, geographic, and racial. The economic demographics were
recorded based on the proportion of students within each school that qualify for reduced or free
lunch from the Oregon Department of Education database. The geographic data was identified
using the Locale Lookup feature provided by the National Center for Education Statistics and
quantified by the coded “Locale Score” for analysis (Table 2) (Geverdt, 2019). This was further
simplified into three locale categories: City, Suburb, and Rural/Town areas. The racial
demographics were compiled from the Oregon Department of Education Database. Using the
National Institute on Minority Health and Health Disparities research framework definition of
racial minorities and the Oregon Department of Education data, American Indian, Asian,
Black/African American, Hispanic, and Native Hawaiian/Pacific Islander groups were defined as
minorities (Alvidrez et al., 2019). Given that there is no overall accepted framework for of
multiracial categorization, this group was also included within the minority category given that
many multiracial people experience race-based stress (Charmaraman, 2015).
Table 2. Locale Coding (From Geverdt, 2019)
Locale
Large City
Midsize City
Small City
Large Suburb
Midsize Suburb
Small Suburb
Fringe Town
Distant Town
Remote Town
Fringe Rural
Distant Rural
Remote Rural

Score
11
12
13
21
22
23
31
32
33
41
42
43

Data Analysis Methodology
Each demographic data attribute (economic, geographic, and racial) was numerically
quantified and individually plotted against the Food Environment Score associated with each
school. Bivariate regression analysis was then conducted in Microsoft Excel for each
relationship. From this analysis, the coefficient of determination was used to determine the linear
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fit of the data and the p-value was used to determine the significance (p-value<0.05) of the
relationship between the variables collected.
Results
Table 3 shows the counts of establishments in the commercial food environment around
each school. Among the 35 schools which had a student population greater than 1,000 students,
12 were located in Washington County, 13 were located in Multnomah County and 10 were
located in Clackamas County. The following high schools had no establishments within a 1 km
radius: Hillsboro, Sherwood, Tualatin, Sam Barlow, Lakeridge, Oregon City, and Wilsonville
(Table 3). However, these schools were included with the analysis given that they provide
valuable information through the lack of establishments.
Table 4 shows the overall analysis of collected and compiled data. The calculated Food
Environment Score of every school is shown in relation to the economic, geographic and racial
demographic variables collected (Table 4). This data is also separated by county.
A significant correlation was observed between the locale of a school and its Food
Environment Score (R2 of 0.1131 with a p-value of 0.0482) (Table 6, Appendix Fig. 1). Through
analysis of the complete data of all 35 schools, there was no significant correlation (R2 of 0.0011
with a p-value of 0.8451), between socioeconomic status and the makeup of the surrounding
food environment (Table 6, Appendix Fig. 2). There was also no significant correlation between
the racial demographics of non-minority students and the makeup of the surrounding food
environment (R2 of 0.0000 with a p-value of 0.9900) (Table 6, Appendix Fig. 7). However, when
further analysis was conducted by racial group, there was a significant relationship (R2 of 0.1116
with a p-value of 0.0497) between the proportion of students who were multiracial and the Food
Environment Score (Table 6, Appendix Fig. 6). There were no significant relationships found
between any other racial group and the Food Environment Score.
Given that there was a significant correlation between locale and Food Environment
Score, the overall data was further separated based on locale (city, suburb, and rural/town
schools), as shown in Table 5. This data was subsequently individually analyzed for correlations
between demographic variables (Table 6). There were no significant correlations found between
the overall economic or racial demographics within these subsets based on location (Table 6,
Appendix Figs. 3-5 and 8-10).

Eapen 8
Table 3. Categorization of Establishments by County
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Table 4. Demographic Variables and Food Environment Score by County
(Economic and racial data compiled from the Oregon Department of Education (2018-2019),
geographic data compiled from the National Center for Education Statistics (2018))
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Table 5. Demographic Variables and Food Environment Score by Locale
(Economic and racial data compiled from the Oregon Department of Education (2018-2019),
geographic data compiled from the National Center for Education Statistics (2018))
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Table 6. Regression Analysis of Demographic Variables and Food Environment Score
(Economic and racial data compiled from the Oregon Department of Education (2018-2019),
geographic data compiled from the National Center for Education Statistics (2018))

Discussion
The regression analysis showed a significant negative correlation between Food
Environment Score and Locale Score; suggesting that, in the Portland metropolitan area, more
urbanized areas may have healthier food environments. The relationship could possibly be due to
the increased number of establishments in cities compared to rural areas. Rural areas had an
average of 8 establishments, suburban areas had an average of 10.7 establishments, and city
areas had an average of 30.9 establishments. More establishments may indicate healthier options
overall. However, this is an area that requires further research. Within these locales, the average
percentage of students who qualified for free or reduced lunch were roughly constant within the
range of (0.30-0.38). Therefore, the socioeconomic status of the cities compared to rural areas
cannot likely explain this difference. From this exploratory research, the geographic locale of the
commercial school food environment was most indicative of its relative healthiness. Geographic
locale is a multivariate descriptor that is influenced by multiple interconnected factors including
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business interests, historical factors, as well as socioeconomic and racial demographics.
Therefore, this research highlights the need for future research specifically into the locale of food
environments in the Portland metropolitan area.
There was a significant positive correlation between the proportion of students who were
multiracial and the Food Environment Score, suggesting that schools with more multiracial
students may have healthier surrounding food environments. There were no other statistically
significant correlations within the racial demographics. Given the lack of previous research on
multiracial students and its isolated statistical significance compared to other racial minority
groups, this relationship must be explored further in future research to establish possible
reasoning (Charmaraman et al., 2014). There were no significant correlations between the Food
Environment Score and economic demographics, even when the data was separated by locale.
This could be due to the diversity within high school settings. High schools are large
establishments that many neighborhoods feed into. These neighborhoods are not homogeneous,
increasing the variability in the student population. This variability may lead to insignificant
findings given that direct associations cannot be drawn. Additionally, the small sample size
within this exploratory study of Portland metropolitan high schools may limit the accuracy of the
correlational significance between these variables. However, this does not imply that there are
not economic or racial disparities in how unhealthy foods are advertised as demonstrated in
previous research (Velazquez et al., 2017; Caprio et al., 2008). This research on the makeup of
the school food environment does not reflect the purchasing patterns of students that patronize
the establishments. Future ethnographic studies must be conducted to study this further.
Strengths and Limitations
A key strength of this exploratory study is the utilization of Google Maps technology as a
data collection method. With the COVID-19 pandemic exposing the need for remote research
methodologies, this work expands the body of research using Google Maps technology to public
health quantitative research. Another strength of this work is the categorization of commercial
school food environment establishments. Previous research has studied the food environments
either by focusing on specific types of establishments or recording overall counts of food
establishments (Da Costa Peres et al., 2020). This research introduces a unique framework for
categorizing food establishments. Future research must include more granular definitions of
these categories for further comparison. This work is valuable through its study of diverse
metropolitan high school environments. Concepts in the field of public health research are
multivariate and interconnected. Therefore, this research is strengthened by the incorporation of
multiple demographic variables.
This work also has limitations that should be addressed through future research. Although
two statistically significant p-values (p-value <0.05) were found, these values were both very
close to 0.05 (0.0482 and 0.0497), and therefore are not highly statistically significant at the level
of p-value < 0.01. The small sample size of this research is important to note in conjunction with
these results given that the findings, while statistically significant, may not imply a real
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relationship (Leppink et al., 2016). Further research must be done to truly draw conclusions
regarding these variables. This exploratory research has highlighted many areas of
methodological improvement for future similar studies given its limitations. While the use of
Google Maps technology is a strength of this research, it is also a limitation. Food establishments
not registered on Google Maps, establishments that are newly opened, and establishments that
have closed but are still present on the map may hinder the accuracy of the data. Similarly, only
primarily food establishments were counted. Other establishments within 1 km of high schools
such as movie theatres may also sell food. However, since they were not primarily food
establishments, they did not show up as a food establishment on Google Maps. Next, the 1 km
radius used within this study is generalized and may not be applicable to all schools. For
example, students at Lincoln High School, located in downtown Portland, might have easier
access to public transit options that would allow more of the students to travel further than the 1
km walking radius. Similarly, some schools may have more students with access to cars, further
increasing the radius of the food environment. Next, in this methodology, the economic
demographic was calculated using the proportion of students who qualified for free or reduced
lunch from the Oregon Department of Education (2018-2019) database. However, other
variables such as the median income of the school may offer more robust insight into this
demographic variable in relation to the food environment surrounding the school. Another
limitation of this research is the small sample size which limits the accuracy of the findings.
Using data from high schools from other metropolitan areas similar to Portland could increase
the sample size. Elementary and middle schools from the Portland metropolitan area could also
be used to increase the sample size for future research.
Specific Future Areas of Research
This exploratory research has highlighted many areas for future research on commercial
food environments around schools. The prevalence of food establishments around schools is not
the only form of advertisement that students are exposed to. Future research should involve
ethnographic studies of other aspects of food advertisement within school areas such as physical
advertisement signs on school campuses, food-establishment sponsored events at the school, and
advertising deals within the competitive school food environment. Another area of research
involves reviewing open campus lunch policies in relation to the outside commercial school food
environment.
Future research should involve ethnographic in-school studies including interviews and
surveys. This way, the student behavior in the commercial school food environment could be
matched with environmental studies such as this one. This could include surveying students
patronizing habits in relation to demographic variables and perceptions of advertising. It could
also involve interviews with the staff at the establishments within the school food environment.
Conducting this ethnographic research will allow for further conclusions to be drawn regarding
the statistically significant correlations found between the proportion of students who are
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multiracial and the Food Environment Score and between locale and the Food Environment
Score.
To complement the Google Maps based research, walk-through audits of the food
environments could be conducted to ensure the accuracy of the Google Maps research. More
specific definitions of “healthy” and “unhealthy” establishments must be developed. For
example, previous research indicates that convenience stores are less healthy compared to
grocery stores (Morland et al., 2006; Barnes et al., 2016). However, there are an increasing
number of convenience health food stores that may qualify as healthy based on in-person audits
of the foods they sell. Similarly, sit-down restaurants can be further categorized as healthy or
unhealthy based on the nutritional content of the foods they sell.
Through an exploratory study on commercial high school food environments in the
Portland metropolitan area, this research has proposed methodology and identified many aspects
to study further. Given the multivariate nature of public health research, tackling broad issues
like adolescent obesity must be approached from many angles. Understanding this issue will
require better insight into these multivariate relationships.
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Appendix
Locale Demographic

Figure 1. Graph of Food Environment Score vs Locale Score
Economic Demographic

Figure 2. Graph of Food Environment Score vs Proportion of Students who Qualify for Free or
Reduced Lunch in All Schools
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Figure 3. Graph of Food Environment Score vs Proportion of Students who Qualify for Free or
Reduced Lunch in City Schools

Figure 4. Graph of Food Environment Score vs Proportion of Students who Qualify for Free or
Reduced Lunch in Suburb Schools
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Figure 5. Graph of Food Environment Score vs Proportion of Students who Qualify for Free or
Reduced Lunch in Rural/Town Schools
Racial Demographic

Figure 6. Graph of Food Environment Score vs Racial Makeup of All Schools
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Figure 7. Graph of Food Environment Score vs Proportion of Students who are Non-Minorities
in All Schools

Figure 8. Graph of Food Environment Score vs Proportion of Students who are Non-Minorities
in City Schools
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Figure 9. Graph of Food Environment Score vs Proportion of Students who are Non-Minorities
in Suburb Schools

Figure 10. Graph of Food Environment Score vs Proportion of Students who are Non-Minorities
in Rural/Town Schools

